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1. PURPOSE

The purposes of this research and development contract are to

1.

2.

3.

Develop practical Mg-Cu0 and Mg-Hg0 reserve cells suitable for utilization
in high-rate batteries.

Characterize the Mg/Mg(C10})p/MnOp and Mg/Mg(C10)),/Cu0 dry cells.

Perform research studies to determine the factors and mechanisms con-
trolling ancde efficiency, inhibitor functicn, and delayed action of the

magnesium anode with emphasis on the perchlorate electrolyte.
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2+ ABSTRACT

This abstract describes briefly the significant accomplishments and progress
made on the U. S. Army Signal Research and Development Laboratories Battery
Program by the Radio Corporation of America, Semiconductor and Materials Divi-
sion, during the first quarterly period, from June 1, 1960 to August 31, 1960.
The subject matter in this abstract is divided into the major areas of endeavor

for convenience of review,

Mg/Mg(Cth)a Cu0 reserve cells were characterized on high rates using a cell
design previocusly developed., Several voltage variations, caused by the heat

evoli.., were noted during discharge,

A research study was initiated to determine the mechanism by which the heat

evolved influences the voltage behavior of the system.

Shelf-life programs were initiated to study the delayed action, impedance, and
capacity retention characteristics of the Mg/Mg(Cl0})2/MnC» and Mg/Mg(C10))2/Cu0d
dry cells. Initial delayed action, impedance and capacity data are presented

for the MnO2 cells,

2=1



3. CONFERENCES

On June 22, 1960, Drs. C. K. Morehouse and G. S. Lozier and Mr. R. J. Ryan
visited the U. S. Army Signal Research and Development Laboratories at

Fort Monmouth, New Jersey, to discuss the overall program and the objectives
of the contract. Present at the meeting were Dr. D. Fischbach and Messrs.
A. Daniel, F. John, J. Hovendon, D. Wood, H, Knapp, and A. Almerini of the

U. S. Army Signal Research and Development Laboratories.

On August 10, 1960, Messrs. J. Hovendon, D. Wood, and A. Almerini of the
U. 5. Army Signal Research and Development Laboratories visited RCA in
Somerville, New Jersey, to discuss progress under the subject contract.

Present at the meeting were Dr. G. S, Lozier and Mr., R. J. Ryan of RCA.
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lj. EXPERIMENTAL AND FACTUAL DATA

L.1 PRIOR WORK ON MACNESTUM CELLS WITH A MAGNESTUM PERCHLORATE FLECTROLYTE

Prior to this contract, a research program at the RCA Laboratories demon-

strated the advantages of a perchlorate electrolyte in magnesium primary

cells,
are:

de

b,

Some of the important properties of the perchlorate el=~trolyte

It is less corrosive to a magnesium ancde than either a masmesium
chloride or a magnesium bromide electrolyte, At high=-current
drains, magnesium operates at an anode efficiency of £C percent,
This feature reduces the amount of water required for cell reaction
and the amount of Mg(OH)2 formed, These properties are Zesirable
for the efficient design of magnesium batterles.

Magnesium has a low level of static corrosion in a perchlorate
electrolyte, thereby insuring a good shelf life for dry cells or
an extremely long activated stand capability for reserve cells.
The perchlorate electrolyte does not react with cupriec oxide,
mercuric oxide, silver II oxide, or nickel dioxide, thereby per-
mitting the coupling of these high-capacity cathode materials to a
magnesium anode, These are the most desirable cathode materials
for the design of batteries with a high capacity at high discharge

rates.

The performance characteristics of the magnesium-magnesium perchlorate

cells are presented in Figures 1, 2, 3, U, and S. Presented in Figures 1

and 2 are watt-hour capacity data per unit of weight and volume cbtained

from single cells.



.2

As evidenced by the data presented in Figure 3 and in Table 1, eatiefactory
shelf-1ife data have been obtained from celle made with cupric oxide and

gynthetic manganese dioxide,

The impedance of Mg/Mg(Cl0)),/MnC, (Afr.) AA-size cells has been shown to
be similar to that of comparable Mg/MgBrp/MnO; (Afr.) AA-size cells. Data
for the impedance of Mg/Mg(C10,),/MnO, (Afr.), Mg/MgBr,/Mm0, (Afr.), end
commercial leClanche cells as a function of load resistance are presented

in Figure L.

The delayed action of magnesium cells containing a magnesium perchlorate
electrolyte in preliminary studies has been shown to be less than that of
similar cells containing a magnesium bromide electrolyte. This is parti-
cularly true for applications in which the time between discharges is
short as evidenced by the delayed action data for D-size cells on a test

similating the BA-30 test presented in Figure 5.

RESERVE CELLS
Lh.2.1 Introduction
The magnesium-cupric oxide system was eelected for the development
of a high-capacity reserve battery for the following reasons:
a, High capacity per unit weight and volume
b, Flat discharge curve
c. Potential low cost
4.2,2 Magnesium-Cupric Oxide Reserve Cell Design
A 3-ampere hour cell was selected for initial s tudy and characteri-

zation because this size cell is readily adapted to laboratory
development and comparison to other systems,



4.2.2,1 The cathode plates were constructed using techniques pre-

Leo2.2.2

viously developed in this laboratory. The following steps

are used in the assembly of a cupric oxids cathode:

a,

b.

Ce

d.

€.

In

Dry blend cupric oxide with Shawinigan Acetylene

Black using standard techniques,

Prepare a wet mlx using a water solution of HV CMC
(carboxymethyl csllulose) with suitable wetness to
provide maximum ease of handling in steps ¢ and d.

Paste a welghed amount of cathode mix on the metal grid.
Apply the separator material to the wet cathode plate
and press to a pressure of 3,000 to 5,000 psi for
several seconds,

Air dry overnight.

the following studies, the anods and cathode specifi-

cations are:

e

Cathode:
Size - 2 x 2 inches
orid - 25/0.010-inch woven bronzs screen 0.575 g/in®
with 2 1/2 x 3/h-inch tab for making connections.
Wet mix composition - 42.8% Cu0
10.7% Shawinigan Acetylene Black
45.7% H,0
7% HV CMC
Separator - analytical grade filter paper

Theoretical capacity per plate - 85 ampere mimtes,



be Ancde:
Size - 2 x 2 inches with 1/2 x 3/k-inch tab for making
connections.
Weight - 0.005-inch plate 0.7L g
0.010-inch plate 1.06 g
0.0lh-inch plate 1.73 ¢

Theoretical capacity per plate (not including tab)

0.005-inch 76.7 amp minutes
0.010-inch 151 amp minutes
0.01L-inch 200  amp minutes

c. Cell Assembly:
The cells were assembled by soldering four cathode
plates together and interweaving 5 magnesium anode
plates between the cathode plates. The tabs of anode
plates were spotwelded together and connected to a
copper wire lead,

h.2.3 Cell Characterization
he2.3.1 Effect of Discharge Rate
The discharge characteristics of 3 ampere hour Mg-CuOD cells
determined under constant current drains of 10 to 25 amperes

are presented below and in Figures 6, 7, and 8.

Magnesium Discharge Average Cathode
Amperes Ancde Time Voltage Efficiency
Trdnutes) %)
10.0 0.0lli~inch comm pure 30 0.835 88
20.0 0.0lh-inch comm pure 13 0.82 763

25.4 0.005-inch comm pure 6.5 0.715 49
20.0 0.016-inch AZ=-31B 9.y 0.68 55

L=l



ho2.3o2

The cells were placed in a plastic test container to
restrict volume and were discharged in excess 2 N Mg(Cl0p),

five minutes after activation.

All cells showed a voltage rise during discharge which was
greatest at the lighter drains as evidenced by the 10
ampere discharge data in Fipure 8., The voltage changes
that occur during discharge are believed to be due mainly
to the heat evolved by the cell reactions. The effect of
temperature on cell design, component composition and
physical properties will be investigated in order to
improve performance.

Effect of Cupric Oxide to Carbon Ratio on Cell Performance
The effects of the Cu0C to carbon ratio on the cathode
efficiency and the voltage=-time characteristic were deter-
mined on cells with a theoretical capacity of 300 to 34C
ampere minutes on a 20 ampere drain. In these cells, lhe
number of plates in the cathode was varied to keep the
theoretical capacity approximately constant. The composi-
tion of the cells is presented in Table 2. The cathode
efficiency increases as the active material ratio is de-
creased and as the plate surface area is increased as

shown in Figure 9 and Table 2,

As would be expected if the voltage rise is due to the
heat evolved, the Cu0 to carbon ratlo had little effect on

the percentage voltage increase.



h.2.4 Research Studies
A research study was initiated to determine the mechanism by which
the heat evolved influences the voltage behavior of the magnesium-
cupric oxide reserve cell system. The temperature rise found on
cell discharge is due to the heat evolved by the corrosicn reaction
and the irreversibility of the magnesium anode. Since both of
these factcrs are dependent on the current density, the temperature

rise will be greatest on high discharge rates.

Test cells were made using two cupric oxide plates of 3 to 1 ratio
to Shawinigan Acetylene Black and 3 anode plates of various magne-
sium alloys. The cupric oxide plates were taken from the lot whose
test results are shown in Figure 9 with a theoretical capacity of
60 ampere minutes per plate, AZ-31B, AZ-21, AZ-10, and commercial
pure magnesium anodes were used in these studies. The cupric oxide
cathode plates were discharged for 16 hours on an B80-hour rate for
stabilization prior to the assembly of the test cells. A silver-
silver chloride reference electrode was included at the end of each
cell for half-cell measurements., The cells were placed in beakers
with excess 2N Mg(Cth)z, immersed in constant-temperature water
and discharged through a 32-ohm resistor, corresponding to a 50-hour
rate, The cell, anode-to-reference and cathode-to-reference poten-

tials were measured over a temperature range of 2°C to 70°C.

The results of this study are presented in Figures 10 and 11l. It is

seen that the voliage increased linearly with temperature except for

-6



the ranve between 350C and 509C., The half-cell measurements show
that the marked increase in cell voltage in this temperature range
is due to the cupric oxide cathode., The factors causing this rise

are unknown at the present time.

A voltapge difference of 0.2 volt was found between the AZ-31 and
pure magnesium anodes, This difference increased at higher tempera-
tures because the corrosion reaction for oure magnesium was greatly
accelerated, The effect of corrosion reaction on cell discharge

voltage can be secn from the data in Figure 6.

This study will be continued and will include anode efficiency
measurements at various current drains. Further efforts will be

made to determine the mechanism of voltage fluctuation,

4.3 DRY CELLS
A program has been initiated to determine the shelf life of Mg/]dg(Cloh_)Q/Mnoe
and Mg/%g(Cth)2/Cu0 dry cells, The program will include a study of capa-
city, delayed action, and impedance as functions of storapge time.
he3.1 Cell Formulation

The Mg/Mg(C10},),/MnC, (Type M) cell formulation for these studies is:

%
Material (by weight)
MnO, (Type M) BL.5S
Shawinigan Acetylene BHlack 9.7
BaCrOh 2.9
Mg(CH)2 2.9

L-7



L.3.2

Wetness - millileters/1000 g dry mixe.
507 ml. 2N Mg(Cth)Q

with 1 g/1 LisCro)

and 1/2 g/1 Mg(OH)2
Bobbin - 7 g wet mix/AA cell,
The cells were aged two weeks before the initial data were taken.
D=layed Action Shelf Study
The delayed action program was set up to determine cell voltage
delay and capacity on a radio transceiver drain. The AN/PRC=35
(XC-2) under development A, unit drain was selected for testing as
this represents a more severe change from low to high current than
most transceiver applications. The requirements for the A2 unit

are 8 ma for 18 minutes and 138 ma for 2 minutes.

Figure 12 gives a typical discharge curve for the initial capacity
of a Mg/Mg(Cth)2/Mn02 (Type M) AA cell for the above drain. The

data are plotted as continuous for the 2-minute and 18-minute cycles,

The delayed-action data for this cell are presented in Figure 13

for the initial 2-minute cycles and at various points during the
cell discharge. The delayed action for the initial 2-minute cycle
is much pgreater than for the succeedinz cycles and can be attributed
to the chromate film obtained in the c¢an pickling process and the
concentration of lithium chromate added to the electrolyte., This
delay diminishes quickly with subsequent cycling to a relatively

constant value of less than one fifth of a second.



b.3.3

Further studies will include comparison with cells using AZ-31

magnesium anodes and cells with MgBr, electrolyte.

2

Impedance Studies

Cell impedance is an important factor effecting the performance of
equipment in many electronic applications. Previous data have
shown the impedance of magnesium cells to be greater than that of

corresponding LeClanché cells.

The present study will include an intensive investigation of the
impedance of Mg/Mg(Cth)E/MnOE and Mg/Mg(Cth)z/CuO cells as a

function of shelf-life for various frequencies and load conditions,

The experimental apparatus is shown in Figure 1li. At each frequency,

the voltage drop across fixed resistor R is measured at Vx and V. .

¥
Then, by Chm's Law, the ac current flowlng through the battery is
Vy EX
I = %
ReBy By

where Ry is the battery impedance. By making R>>Ry, the following

approximation can be made:

For convenience of calculation, R was set at 1000 ohms and V, at

1,00 volt by the amplitude control of the audio oscillator,

The variation in impedance is presented in Figure 15 at 6C and 400
cps as a function of lced resistance for AA-size Mg/Mg(Cth)z/MnO2

(Type M) cells, Figure 16 gives the variation in impedance with

b-9



L.3.4

frequency for the various discharges. The data represent initial
2-weekwold-cell impedance measured at approximately 50 per cent

discharge to a 0.90-volt cut off.

Cell capacity data for the various drains are given in Table 3.

The impedance study at several drains will be continued on cells
stored at 70°F and 113°F.

Capacity

Shelf-1ife data, presented in Table 1 and Fipgure 3, have shown that
good capacity retention is obtained with Mg/Mg(C10))o/MnOp cells
and Mg/Mg(Cth)z/CuO cells., These data will be € xtended to provide
a larger sample using A-size MnO, and Cu0 cells stored at 70°F and
113°F,

b-1p



5. COKCLUSIONS
The cathode efficiency of Mg/Mg(C10),)o/Cu0 reserve cells varied from approx-
imately 50 per cent on a 6-minute~discharge rate to over 75 per cent on a 30-

minute-discharge rate.

Several voltage variaticns, caused by the heat evolved, were noted during dis-
charge. In the temperature range of 35°C to 50°C the marked voltage rise is
due to the cupric oxide electrode. Above 50°C, the magnesium alloy composition

also is a contributing factor in the increased cell voltage.

The delay of fresh cells on a 2- and 18-minute transceiver-type drain was less

than one-fifth second throughout the discharge following the initial cycle.

The initial Mg/Mg(Cth)z/Mn02 (Type M) cell impedance data were in agreement

with previous data.

5-1



1.

6., PROGRAM FOR THE NEXT QUARTER

Research will be continued on Mg/Mg(Gloh)e/Cuo reserve-cell discharge
characteristics to improve behavior.

Reserve cell design and construction will be investigated.

Anode efficiency will be measured as a function of temperature.

The delayed action and impedance shelf-life programs for
Mg/Mg(Cth)z/Mnoe and Mg/Mg(Cth)z/CuO cells will be continued. Com-
parisons will be made with cells using MgBr2 electrolyte and cells with

AZ-31 Mg alloy.

6-1



7. KEY PERSONNEL

Tel IDENTIFICATION

Dr. G. S. Lozier, Project Director, Battery Research and Development

Dr. Lozier received the B.S. degree in chemistry in June, 1952, the M.S.
degree in chemistry in June, 1953, and the PH.D. degree in February, 1956,
from Western Reserve University, Cleveland, Chio. From September, 1950
until September, 1953, Dr. Lozier held a Teaching Fellowship at Western
Reserve. He received the Electrochemistry Society's Cleveland Section

Award as the most outstanding student in electrochemistry.

From September, 1952, to December 195L, Dr. Lozier participated in the
Office of Naval Reserve project at the Ultrasonic and Electrochemistry
Research Laboratory of Western Reserve University on the investigation of
ultrasonic effects on electrode processes, He joined RCA in January, 1955
and did electrochemical research and development work at the David Sarpoff

Laboratories, where he received the RCA Achievement Award in 1957.

Dr. Lozier has publlshed a number of technical papers, including two
presented before the Hlectrochemistry Society, A paper has been published

recently on fuel cells, Dr. Lozier holds one U,S. patent,

Mr. R. J. Ryan, Physical Chemist, Battery and Component Development

Mr. Ryan received the B.A. degree, with a major in chemistry, from LaSalle
College, Philadelphia, Pennsylvania in 1952, From June, 1952 until
September, 1956, Mr. Ryan was employed by the Electric Storage Battery

Company in Philadelphia as a development engineer in lead-acid and



nickel-cadmium storage-battery systems and processes, From September, 1956
until March, 1957, Mr. Ryan was in charge of design and development of

nickel-cadmium batteries.

He joined the chemical and physical laboratory group at RCA, Camden, N. J.
in March, 1957, where he worked on N-halogen organic compounds for use as
cathode materials in reserve batterles, st tl.me present time Mr, Ryan is
working on electrochemical probelms at the Semiconductor and Materials

Division in Somerville, N, J. and is completing work toward an M.S. degree

in physical chemistry,

D. Hurd, Technician,

From June, 1?54 to June, 1956, Mr, Hurd worked at Rohm and Haas Company,
Philadelphia, Pennsylvania, as a development laboratory assistant in the
Plastics and Resins Division., He was a laboratory technician for the
Wilson-Martin Company from June, 1955 to September, 1957, in the Research
and Development Laboratory of the Fatty Acid Division., From September, 1957
to March 1959, he was a senior laboratory technician for United Engineers
and Constructors Inc., working on low temperature and fluidization of

bituminous products,

Mr. Hurd joined RCA, Semiconductor and Materials Division in April, 1959

and has worked on development of primary battery systems and components.

A. Lindabery, Technician
Studied chemistry for 2-1/2 years at Pennsylvania State University after
which he spent two years in the U,S., Army. Mr. Lindabery joined RCA in

April of 1959. He has had two years experience with magnesium primary cells



7

since joining R.C.A.

E. Uhler, Technician

Before entering the U,S. Army in 1957, Mr. Uhler studied chemistry at
Virginia Military Institute for three years. He will be awarded a B.S.
degree in chemical engineering this year from Rutgers University,

New Brunswick, N. J. While in the Army, Mr., Uhler spent two years as an
assistant preject engineer at the Signal Research and Development

Laboratory at Fart Monmouth, N, J.

Mr. Uhler has worked closely with various advanced development engineering
groups in the improvement and application of materials for use in power
sources. Since Joining the Microelectronics Department at RCA, Somerville,
in September, 1959, Mr. Uhler has been engaged in development work on

primary cells, including magnesium dry cells and water-activated cells,

DISTRIBUTION OF HOURS

Ge S. Lozier, Project Director 3C .ours
Re Jo Ryan, i-ysical Chemist 301 hours
D. J. Hurd, Technician 28745 hours
Ae Lindabery, Technician 36 hours
E. Unhler, Technician 104 hours
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